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ABSTRACT 

Surveying  of  selected  transects  from  the  air  and  from  the  ground 
has  been  used  since  1959  to  determine  the  proportion  of  waterfowl,  by 
species,  that  are  observed  by  aerial  crews.   This  method  attempts  to 
resolve  obvious  biases  in  aerial  indexes  relating  to  habitat  differences, 
seasonal  differences,  aerial  crew  changes,  etc.   Assumptions  in  this 
method  of  correction  are  that  (1)  the  ground  crew  observed  substantially 
all  waterfowl  present  and  (2)  the  selected  comparison  transects  adequately 
represent  surrounding  transects  to  which  the  correction  is  to  be  applied. 
This  report,  utilizing  data  of  1961  to  1966,  reviews  the  necessity  for 
air:ground  correction  and  evaluates  the  procedure  as  a  solution  to  aerial 
index  biases;  problems  apparent  are  lack  of  representativeness  of  air: 
ground  transects  and  inadequate  numbers  of  transects.   Lack  of  represent- 
ativeness appears  in  population  density  and  in  species  composition 
differences  between  air:ground  and  operational  transects.   The  degree 
to  which  the  numbers  of  air:ground  transects  are  sufficient  to  give  good 
estimates  of  airrground  ratios  varies  according  to  areas  and  according  to 
species.   Recommendations  to  improve  the  airrground  technique  are:   (1) 
make  two  daily  surveys  of  one  aerial  pass  each,  at  an  interval  of  at 
least  2  hours,  in  the  same  direction  and  at  the  same  time  as  the  adjacent 
operational  transects  are  surveyed;  (2)  make  ground  counts  the  day  before 
or  day  after  aerial  surveys;  (3)  lay  out  all  airrground  comparison  tran- 
sects in  the  same  direction  (west-east)  as  the  operational  transects; 
and  (4)  match  new  or  relocated  transects  as  nearly  as  possible  to  density 
and  species  composition  of  the  survey  stratum  or  area  they  represent. 
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FACTORS  INFLUENCING  WATERFOWL  COUNTS  ON  AERIAL  SURVEYS,  1961-66 

The  Bureau  of  Sport  Fisheries  and  Wildlife  annually  surveys  the 
major  waterfowl  breeding  grounds  in  North  America  (Crissey,  1957) .   One 
of  these  surveys  is  an  aerial  census  of  waterfowl  breeding  populations 
conducted  during  May.   It  is  generally  known  that  the  aerial  observers 
do  not  see  all  waterfowl  present  on  the  survey  transects  and  the  procedure 
of  allocating  unidentified  birds  in  proportion  to  those  that  are  identified 
biases  the  census  data  by  overestimating  conspicuous  species  such  as 
mallards  at  the  expense  of  less  conspicuous  species  such  as  the  teals. 
For  example,  Crissey  (1956),  in  summarizing  several  years  of  these  data, 
noted  that  the  proportion  of  mallards  recorded  from  the  air  was  about 
four  times  the  proportion  of  green-winged  teal.   This  information  was 
based  on  observations  by  Smith  (1957)  who  compared  aerial  and  ground 
counts  on  his  Alberta  study  areas  and  determined  that  aerial  crews  saw 
higher  proportions  of  the  waterfowl  present  (1)  in  grassland  habitat  than 
in  aspen  parklands,  (2)  on  early  morning  surveys  than  on  midday  surveys, 
and  (3)  in  parklands,  when  trees  were  bare  than  later  in  the  season  when 
trees  had  leafed  out.   Stoudt  (1955)  found  that  the  proportion  of  water- 
fowl observed  from  the  air  on  his  Redvers,  Saskatchewan,  study  area 
increased  annually  during  a  3-year  period  1952-54  as  water  levels  lowered 
and  receded  from  the  peripheral  vegetation  around  potholes.   Diem  and  Lu 
(1960)  found  that  other  environmental  factors  such  as  wind  velocity,  light 
intensity,  and  temperature  could  also  influence  aerial  counts  of  waterfowl. 

Recognizing  that  many  factors  may  affect  the  aerial  census  data 
obtained  by  the  breeding  population  survey,  the  Bureau  and  the  Canadian 
Wildlife  Service  initiated  a  study  to  compare  aerial  and  ground  counts 
of  waterfowl.   The  purpose  of  the  "airrground  comparison  study"  was  to 
evaluate  factors  affecting  the  aerial  "visibility"  of  waterfowl  and  to 
develop  a  method  to  correct  or  adjust  aerial  waterfowl  breeding  population 
indexes  for  "visibility"  bias.   Data  were  collected  in  Alberta  and 
Manitoba  during  1959,  in  Saskatchewan  during  1960,  and  in  the  Tristate 
area  of  North  Dakota,  South  Dakota,  and  western  Minnesota  during  1963. 
The  purpose  of  this  report  is  to  evaluate  the  efficacy  of  the  technique 
for  correcting  or  adjusting  bias  in  aerial  census  data  from  the  breeding 
population  survey.   Because  procedures  had  not  been  standardized  during 
1959  and  1960,  and  several  discrepancies  occurred  during  those  years, 
only  data  from  1961-66  are  presented. 

R.  G.  Kinghorn,  J.  E.  Randall,  G.  H.  Wilson,  L.  C.  Wills,  J.  A.  Hague, 
R.  J.  Meyerding,  R.  C.  Hanson,  G.  V.  Orton,  K.  D.  Norman,  R.  D.  Purinton, 
M.  M.  Smith,  and  R.  C.  Droll  helped  by  demonstrating  the  procedures  and 
pointing  out  many  problems  associated  with  the  technique.   C.  J.  Henny, 
J.  T.  Young,  A.  D.  Geis,  andW.  F.  Crissey  helped  with  either  analysis 
or  preparation  of  the  manuscript. 


TECHNIQUES 


The  approach  used  in  the  airrground  comparison  study  was  to  compare 
an  aerial  count  (or  more  properly,  aerial  index)  with  a  ground  count  of 
the  same  area  of  "air:ground  comparison"  transect.   The  basic  assumption 
was  that  the  same  population  of  ducks  was  counted  from  the  air  and  on 
the  ground,  and  that  the  ground  count  was  a  complete  census.   The  area 
counted  was  a  transect  one-fourth  mile  wide  but  of  varied  length  depending 
on  the  density  of  water  areas  and  ducks. 

Because  aerial  counts  and  ground  counts  were  not  simultaneous  and 
because  home  ranges  of  breeding  waterfowl  generally  overlap  the  boundaries 
of  the  airrground  comparison  transects  (Evans  and  Black,  1955;  Dzubin, 
1955)  ,  both  the  aerial  indexes  and  ground  counts  are  subject  to  sampling 
errors  (Geis,  1957).   In  recognition  of  these  errors  and  because  air: 
ground  ratios  might  vary  from  area  to  area,  several  air:ground  comparison 
transects  were  established  in  the  various  breeding  population  survey 
strata.   The  locations  of  the  transects  are  shown  in  figure  1.   Aerial 
and  ground  crew  members  who  did  the  survey  work  are  identified  in  table  1. 


Aerial    Procedure 

To  make  counts  comparable  to  those  on  the  regular  or  operational 
breeding  population  survey,  airrground  comparison  transects  were  located 
between  operational  transects  (fig.  2)  and  were  surveyed  by  the  same 
aerial  crews  during  the  same  time  period  as  the  operational  survey. 
Procedures  for  surveying  were  similar  to  those  for  the  operational  breeding 
population  survey  (BSFW,  1964).   The  daily  period  for  the  operational 
survey  is  generally  between  sunrise  and  noon.   Each  airrground  comparison 
transect  was  surveyed  once  in  early  morning  and  once  later  in  the  forenoon 
to  provide  counts  throughout  the  same  daily  period  as  for  the  operational 
survey.   At  each  count  two  passes  were  made r   one  in  each  direction  along 
the  transect  (fig.  3).   The  two-pass  or  double  count  was  designed  to 
reduce  sampling  error  (Geis,  1957)  in  the  aerial  index  and  to  provide  a 
count  by  both  pilot  and  observer  in  both  directions.   The  aerial  index  for 
the  airrground  comparison  transect  was  the  average  of  the  four  aerial 
counts . 

Waterfowl  were  recorded  by  species  as  drakes,  pairs,  and  groups  of 
birds  of  mixed  sexes.   Birds  not  identified  by  species  were  classed  as 
"unidentified."  In  developing  the  aerial  index,  unidentified  birds  were 
first  allocated  to  the  categories  of  drakes,  pairs,  and  groups  of  mixed 
sexes  in  the  same  proportions  as  the  birds  of  known  species  and  then  were 
assigned  the  same  species  composition  as  the  identified  birds.   Lone  drakes 
and  hens  were  assumed  to  represent  pairs  and  were  entered  as  such  in  the 
index. 


Ground  Procedure 

Ground  crews  tried  to  make  a  complete  count  of  ducks  on  the  air: 
ground  comparison  transects.   They  walked  around  potholes  or  made 
"beat-outs"  where  necessary  to  reveal  ducks  hidden  in  vegetation.   An 
effort  was  made  to  avoid  flushing  birds  to  prevent  error  from  counting 
birds  more  than  once  when  they  were  flushed  from  one  pothole  to  the 
next.   Ground  counts  were  made  within  2  or  3  days  of  the  time  that  the 
transect  was  surveyed  by  air.   Ground  crews  recorded  ducks  in  the  same 
way  as  aerial  crews  except  that  they  identified  species  in  all  cases. 

The  Air:ground  Ratio 

With  aerial  indexes  and  ground  counts  for  the  same  area(s) ,  the 
proportion  of  waterfowl  present  that  are  recorded  (air:ground  ratio) 
can  be  calculated  as  follows: 

aerial  index  =  air:ground  ratio, 
ground  count 

Air:ground  ratios  can  be  compared  among  the  various  species  of  waterfowl, 
between  aerial  survey  crews,  years,  habitat  types,  etc.   Most  importantly, 
air:ground  ratios  can  be  used  to  correct  or  adjust  aerial  survey  indexes 
obtained  throughout  the  operational  breeding  population  survey  area. 

Analysis 

The  relationship  between  the  density  of  ducks  (number  of  birds 
per  square  mile  from  ground  counts)  and  air:ground  ratios  was  examined 
within  survey  stratum  or  area  (Tristate  area  includes  more  than  one 
stratum)  per  year  in  the  following  manner.   For  Canadian  areas  air: 
ground  ratios  for  mallards  were  used,  and  in  the  Tristate  area  air:ground 
ratios  for  blue-winged  teal  were  used,  because  these  ratios  were  considered 
to  be  most  reliable  in  their  respective  areas.   Because  there  is  much 
sampling  error  in  air:ground  ratios  for  individual  transects,  ratios  for 
all  transects  in  a  survey  stratum  or  area  were  ranked  from  high  to  low, 
then  divided  into  groups  of  high  and  low  ratios  (basic  data  are  in  tables 
19-26).   If  there  was  an  even  number  of  transects  in  a  stratum,  the  "high" 
and  "low  groups"  represented  similar  numbers  of  transects.   If  there  was 
an  odd  number  of  transects  in  a  stratum,  or  if  the  median  ratio  applied 
to  more  than  one  transect,  the  groups  were  separated  where  there  was  an 
obvious  break  in  the  series  of  ratios,   Air:ground  ratios  and  their  cor- 
responding duck  densities  were  averaged  for  each  group  and  provided  one 
comparison  between  ratios  and  duck  density  per  aerial  survey  stratum  or 
area  per  year.   Data  from  Saskatchewan  B  (strata  B-W  and  B-E  combined), 
1966,  are  shown  in  table  2  as  an  example. 


A  nonparametric  method,    the    "Sign  Test"    (Snedecor,    1956:114-115), 
was   used  to   test    the    relationship  between  air:ground   ratios    and   duck 
densities.      Simple   chi-square  methods  were   used   to   test    differences 
between   air:ground   ratios    in  grassland  and   aspen  parkland  habitats   and 
differences   among  years. 


FINDINGS 

Factors   Affecting  Air;ground  Ratios    of  Waterfowl 

Species  Composition  of  Waterfowl 

That  the  species  composition  of  waterfowl  in  aerial  survey  indexes 
is  biased  because  some  species  are  more  obvious  and/or  more  easily 
identified  than  others  was  confirmed  by  the  results  of  the  present  work. 
When  unidentified  birds  were  allocated  in  proportion  to  the  identified, 
the  index  obtained  for  a  conspicuous  species  such  as  scaup  or  mallards 
was  sometimes  higher  than  the  number  actually  present  on  the  transect. 
Conversely,  the  index  included  only  a  small  fraction  of  the  number  of 
less  conspicuous  species  present.   We  found  air:ground  ratios  that 
exceeded  1.000  for  conspicuous  species  and  ratios  that  approached  zero 
for  inconspicuous  species.   However,  the  usual  range  in  air: ground  ratios 
was  from  about  0.100  for  inconspicuous  to  0.600  for  conspicuous  species 
and  the  usual  air:ground  ratio  for  all  species  combined  was  between  0.200 
and  0.400. 

Tables  3  through  9  show  air:ground  ratios  for  the  various  species 
of  waterfowl.   Although  it  is  difficult  to  completely  separate  any  of 
the  factors  affecting  the  air:ground  ratios  of  waterfowl,  a  year-to-year 
and  area-by-area  examination  of  these  data  shows  that  there  are  some 
consistent  differences  among  ratios  for  the  various  species.   If  data 
are  pooled  from  all  areas  and  years,  air:ground  ratios  for  the  ducks 
can  be  ranked  from  high  to  low  thusly:   (1)  scaup,  (2)  canvasbacks,  (3) 
mallards,  (4)  buffleheads,  (5)  shovelers,  (6)  pintails,  (7)  ring-necked 
ducks,  (8)  redheads,  (9)  gadwalls,  (10)  American  widgeons,  (11)  blue- 
winged  teal,  (12)  ruddy  ducks,  and  (13)  green-winged  teal.   The  relative 
rank  of  the  air:ground  ratio  for  coots  is  difficult  to  determine  since 
it  was  impractical  to  obtain  complete  ground  counts  of  coots  on  the  air: 
ground  comparison  transects.   Coots  on  water  areas  with  dense  emergent 
vegetation  are  nearly  impossible  to  count  and,  consequently,  air:ground 
ratios  for  coots  are  maximal. 

Although  data  are  not  adequate  for  all  species,  it  is  apparent  that 
air:ground  ratios  for  scaup,  canvasbacks  and  mallards  are  high;  those 
for  shovelers  and  pintails  are  medium-high;  those  for  redheads,  gadwalls, 
and  American  widgeons,  medium-low;  and  those  for  teals  and  ruddy  ducks 
are  low.   Air:ground  ratios  suggest  that  about  half  the  mallards  and 
about  one-eighth  of  the  blue-winged  teal  present  are  accounted  for  in 
aerial  survey  indexes. 
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An  example  of  the  effect  of  species  composition  on  airrground  ratios 
is  as  follows:   about  a  third  of  all  ducks  present  are  recorded  from  the 
air  in  Canadian  areas  while  less  than  one-fourth  are  recorded  in  the 
Tristate  area.   This  disparity  is  due  mainly  to  the  preponderance  of 
blue-winged  teal  in  the  Tristate  area  which  contribute  to  the  low  air: 
ground  ratio. 

Water  Areas 

The  proportion  of  existing  water  areas  that  are  recorded  on  aerial 
surveys  were  expected  to  vary  somewhat  between  regions  of  high  and  low 
pothole  density.   However,  air:ground  ratios  showed  greater  variation 
than  was  expected  (tables  3-9),   We  suspect  that  this  was  because  aerial 
and  ground  crews  did  not  all  use  the  same  criteria  for  selecting  water 
areas  to  be  counted.   Although  similar  instructions  (BSFW,  1964) 
were  given  to  all  survey  crews,  they  were  sometimes  misinterpreted. 
Moreover,  the  separation  of  temporary  water  areas,  which  were  not  supposed 
to  be  counted,  from  those  of  the  more  permanent  types  is  somewhat  sub- 
jective and  probably  differed  widely  among  crews. 

Density  of  Ducks 

It  is  evident  that  population  density  has  an  effect  on  the  pro- 
portion of  birds  that  are  recorded  from  the  air.   Generally,  air:ground 
ratios  were  higher  where  the  density  of  ducks  (number  per  square  mile 
from  ground  counts)  was  lower,  and  vice  versa.   As  mentioned  in  TECHNIQUES, 
we  compared  air: ground  ratios  within  survey  stratum  per  year  by  combining 
transects  to  form  groups  of  high  and  low  ratios  together  with  their 
respective  duck  densities.   Examination  of  these  "averages"  (table  10) 
showed  that  the  higher  air:ground  ratio  was  associated  with  the  lower 
density  of  ducks  in  26  of  34  comparisons.   The  likelihood  of  this  relation 
being  due  to  chance  was  less  than  1  in  200  (the  "Sign  Test":   Snedecor, 
1956:114-115).   This  suggests  that,  as  the  number  of  birds  per  unit  area 
of  aerial  transect  increases,  the  proportion  recorded  by  survey  crews 
decreases . 

Habitat  Types  --  Grasslands  Versus  Parklands 

Differences  in  air:ground  ratios  for  mallards  between  grassland 
habitat  and  aspen  parklands  were  tested  in  Alberta  and  Saskatchewan. 
Alberta  stratum  B  is  in  aspen  parklands  and  strata  A  and  C  are  in 
grassland.   Saskatchewan  stratum  B  is  in  parkland  and  stratum  A-W  is 
in  grassland.   Data  for  Alberta  suggested  that  the  air:ground  ratio  for 
mallards  was  higher  in  the  parklands  than  in  the  grasslands.   However, 
in  Saskatchewan,  air:ground  ratios  for  mallards  were  higher  in  the  grass- 
lands than  in  the  parklands . 


As  mentioned  earlier.  Smith  (1957)  found  that  the  aerial  visibility 
of  waterfowl  was  greater  in  the  grasslands  than  in  the  parklands  of 
Alberta,   Data  from  the  present  work  seem  to  disagree  with  Smith's 
findings.   There  are  three  factors  which  may  have  contributed  to  this 
disagreement.   First,  Smith's  work  was  done  when  water  levels  were  high 
and  ducks  could  sit  in  flooded  peripheral  woody  cover.   Much  of  the 
present  data  were  from  a  relatively  dry  period  when  ducks  were  more 
visible  because  peripheral  vegetation  was  not  flooded.   The  second  factor 
is  that  Smith's  findings  were  the  result  of  careful  work  on  study  areas 
and  may  have  been  more  accurate  than  the  present  data.   Ground  counts 
in  parkland  habitat  are  difficult  because  ducks  may  flush  from  aspen- 
fringed  potholes  without  being  seen  by  the  ground  crew.   Thus  ground 
counts  may  not  yield  a  complete  census  of  birds  on  the  air: ground  com- 
parison transects.   A  third  factor  is  that  clearing  for  agriculture  has 
modified  the  parkland  characteristic  in  some  of  the  strata  which  were 
located  in  that  life  area. 

Annual  Differences  in  Airrground  Ratios 

Airrground  ratios  for  mallards  varied  significantly  among  years. 
Chi-square  values  (table  11)  showed  that  differences  in  air: ground 
ratios  among  the  various  years  were  likely  to  be  real  and  not  merely 
the  result  of  sampling  error.   Annual  differences  in  air:ground  ratios 
for  all  species  combined  were  even  greater  than  those  for  mallards. 
This  was  probably  due  to  the  additional  effect  of  annual  changes  in 
species  composition  of  the  duck  populations  of  the  various  areas.   Annual 
differences  can  be  attributed  to  (1)  biological  factors  such  as  changes 
in  species  composition,  habitat,  population  density  and  behavior,  and 
(2)  changes  in  aerial  survey  crews. 

Biological  Differences.   Annual  differences  due  to  biological 
changes  can  be  examined  using  air:ground  ratios  of  mallards  in  survey 
areas  where  the  aerial  crew  was  the  same  for  two  or  more  consecutive 
years.   These  include  Alberta  B  1962-64,  Alberta  A  and  C  1962-64, 
Saskatchewan  B  1964-65,  Saskatchewan  A-W  1964-65,  Saskatchewan  A-E  - 
Manitoba  A  1965-66  and  Tristate  1964-65.   Differences  were  statistically 
significant  in  Alberta  during  the  period  1962-64  (table  12).   In  the 
other  areas  (all  of  which  involved  only  2  years  each)  differences  were 
less  marked  and  not  statistically  significant. 

Annual  Differences  Due  to  Changes  in  Survey  Crews.   Because  of  the 
turn-over  in  aerial  survey  crews  (Diem  and  Lu,  1960;  table  1  in  this 
report)  it  is  important  to  understand  and  be  able  to  adjust  for  dif- 
ferences in  air:ground  ratios  that  are  related  to  differences  in  the 
techniques  and/or  characteristics  of  different  crews.   These  relate  both 
to  the  proportion  of  birds  present  that  are  actually  seen  and  the  ability 
to  identify  different  species  of  waterfowl.   There  were  four  cases  where 
complete  aerial  crew  changes  were  made  between  years  and  in  only  one  of 
these  was  there  an  obvious  change  in  the  air: ground  ratio.   This  was  in 


Alberta  between  1964  and  1965  and  the  change  in  ratios  appears  large 
enough  to  be  attributable  mainly  to  the  change  in  crews.   It  is  possible 
that  there  were  differences  in  air:ground  ratios  in  other  cases  when 
crews  were  changed  but  they  were  obscured  by  biological  changes. 

The  Effect  of  Consecutive  Aerial  Passes  and  Direction  of  Flight 

Since  the  initiation  of  the  airrground  comparison  study,  aerial 
crew  members  have  questioned  the  value  of  making  a  double  pass  on  the 
transect  at  each  daily  survey  period.   They  felt  that  birds  were  flushed 
and  left  the  transect  during  the  first  of  the  two  consecutive  passes. 

C.  J.  Henny  (unpublished  data,  Migratory  Bird  Populations  Station) 
examined  this  problem  by  summarizing  aerial  counts  (not  the  calculated 
aerial  indexes)  for  the  years  1962-65.   His  findings  suggested  that 

(1)  the  highest  counts  were  obtained  on  the  first  pass  of  a  transect; 

(2)  the  difference  between  first  and  second  counts  was  most  pronounced 
for  those  transects  surveyed  earliest  in  the  day;  and  (3)  the  direction 
of  flight,  in  relation  to  the  position  of  the  rising  sun,  influenced 
the  magnitude  of  the  difference  between  counts  made  on  the  first  and 
second  pass. 

In  the  present  analysis,  aerial  indexes  were  calculated  for  each 
pass  on  air:ground  comparison  transects  during  1966.   These  data  were 
examined  to  find  out  if  the  count  made  on  the  second  pass  was  biased 
because  birds  had  left  the  transects  during  the  first  pass.   The  influence 
of  flight  direction  on  aerial  counts  was  also  considered.   In  table  13 
aerial  indexes  for  first  and  second  passes  are  shown  by  time  of  day 
(before  or  after  9  o'clock  in  the  morning)  and  by  direction  of  flight. 
These  data  suggest  that  the  first  pass  yielded  the  highest  index  and 
that  the  difference  between  two  consecutive  passes  was  greatest  for 
early  morning  survey  periods.   They  also  suggest  that  flight  direction 
influences  the  index.   This  also  appears  to  be  most  pronounced  during 
the  early  morning  period.   We  conclude  that  the  second  pass  on  an  air: 
ground  transect  yields  a  lower  aerial  index  because  birds  are  flushed 
from  the  transect  during  the  first  aerial  pass;  this  phenomenon  is  most 
pronounced  during  early  morning  surveys  when  waterfowl  are  most  active 
and  are  apt  to  flush  and  move  away  from  the  aircraft.   Survey  flights 
from  east  to  west  (away  from  the  rising  sun)  yield  higher  indexes  than 
those  made  from  west  to  east,  especially  during  early  morning  hours  when 
the  sun  is  at  an  acute  angle  to  the  earth's  surface  and  makes  censusing 
from  west  to  east  extremely  difficult. 

Use  of  Airrground  Ratios  for  Adjusting  Aerial  Indexes 

Airrground  ratios  have  been  used  to  adjust  aerial  indexes  from  the 
breeding  population  survey  as  follows: 

aerial  index 


airrground  ratio 


=  adjusted  aerial  index. 


For  the  most  part  data  have  been  adjusted  by  strata,  but  in  some  survey 
areas  with  few  comparison  transects,  such  as  Saskatchewan  B-W  and  B-E, 
and  Tristate  C  and  E,  data  for  several  strata  can  be  combined.   Air: 
ground  comparisof.s  are  lacking  for  Saskatchewan  C,  Manitoba  B,  Tristate 
W  and  there  is  only  one  transect  in  Alberta  C.   For  these  strata,  air: 
ground  ratios  from  adjacent  strata  have  been  used. 

The  utility  of  the  air:ground  comparison  technique  for  adjusting 
aerial  indexes  of  waterfowl  from  breeding  population  surveys  depends  on 
the  representativeness  of  the  air: ground  comparison  transects  and  the 
adequacy  with  which  they  sample  the  survey  area. 

Alr:ground  comparison  and  operational  transects  in  a  survey  stratum 
or  area  should  be  similar  in  percentage  species  composition  of  ducks 
because  total  waterfowl  estimates  are  made  on  the  basis  of  total  water- 
fowl observed  from  the  air  divided  by  the  air:ground  ratio  for  total 
waterfowl.   This  estimate  would  be  in  error  to  the  extent  of  differences 
in  species  composition  between  comparison  and  operational  transects. 
Total  waterfowl  figures  must  be  used  for  this  estimate  because  data  are 
not  adequate  for  several  less  common  and  less  observable  species  to  arrive 
at  a  total  waterfowl  estimate  by  adjusting  indexes  species-by-species  and 
adding  them  together.   An  additional  reason  for  having  like  species  com- 
position between  comparison  and  operational  transects  is  the  possibility 
that  over-all  species  composition  may  influence  air:ground  ratios  for 
individual  species.   We  have  no  data  to  prove  or  disprove  that  differences 
may  be  induced  in  species  air:ground  ratios  by  their  numerical  status 
relative  to  other  species  present.   However,  the  possibility  of  bias  from 
this  interaction  is  avoided  when  like  species  composition  is  assured 
between  comparison  and  operational  transects. 

Air:ground  comparison  and  operational  transects  should  be  similar 
in  density  of  ducks  because  the  proportion  recorded  by  aerial  crews  appears 
to  be  inversely  related  to  population  density;  i.e.,  high  air:ground 
ratios  are  associated  with  low  duck  densities  and  vice  versa. 

Numbers  of  air:ground  comparison  transects  should  be  sufficient  to 
obtain  a  reasonably  precise  estimate  of  the  mean  air:ground  ratio  for 
the  species  and  the  area. 

Species  Composition  of  Ducks 

Species  composition  of  ducks  on  air:ground  comparison  and  operational 
transects  are  shown  in  tables  14-17.   In  Alberta  the  species  composition 
on  the  two  transect  types  was  quite  similar  in  stratum  B  but  in  strata  A 
and  C  the  air:ground  comparison  transects  had  a  lower  percentage  of 
mallards  and  a  higher  percentage  of  scaup  than  the  operational  transects 
(table  14)  .   Comparison  transects  in  Saskatchewan  B  (B-W  and  B-E  combined) 
had  proportionately  more  mallards  and  fewer  pintails  than  did  their 
corresponding  operational  transects  (table  15).   In  the  grasslands  of 


Saskatchewan  (strata  A-W  and  C)  there  were  lower  proportions  of  mallards 
and  higher  proportions  of  shovelers  on  comparison  transects  than  on 
operational  transects  (table  15) .   In  Saskatchewan  stratum  A-E  species 
composition  was  very  similar  between  operational  and  comparison  transects 
but  the  latter  appeared  to  have  a  lower  proportion  of  blue-winged  teal 
(table  16).   In  Manitoba  A,  operational  transects  had  more  scaup  than 
comparison  transects  while  the  latter  had  more  shovelers  and  pintails 
(table  16) . 

When  Manitoba  A  and  B  operational  transects  were  combined,  they  had 
more  mallards  and  scaup  and  fewer  blue-winged  teal  and  shovelers  than 
the  comparison  transects  located  in  Manitoba  A.   In  the  Tristate  area, 
operational  transects  had  the  highest  percentages  of  mallards  while  com- 
parison transects  had  the  highest  percentages  of  shovelers  but  they  had 
similar  percentages  of  blue-winged  teals,  the  most  abundant  birds  in  the 
survey  area  (table  17). 

These  data  suggest  that  the  species  composition  of  ducks  on  air: 
ground  comparison  and  operational  transects  is  approximately  the  same. 
However,  in  Alberta  A,  Saskatchewan  B-W  and  B-E  and  the  Tristate  area, 
the  comparison  transects  sample  a  population  with  a  species  composition 
somewhat  different  than  on  the  operational  transects. 

Density  of  Ducks 

In  all  survey  strata  where  air:ground  comparison  transects  were 
located  it  was  evident  that  they  had  higher  duck  densities  than  the 
operational  transects  (table  18)  .   This  was  most  evident  j.n  the  grass- 
land areas  of  Alberta  stratum  C,  Saskatchewan  stratum  A-W  and  the 
Tristate  area.   It  was  less  marked  in  other  survey  strata. 

Differences  between  air: ground  comparison  and  operational  transects 
in  density  of  ducks  and,  in  part,  species  composition  probably  are  a 
result  of  the  location  of  air:ground  comparison  transects.   They  were 
established  in  areas  where  there  was  a  high  density  of  potholes  and 
ducks  so  that  aerial  and  ground  crews  could  obtain  a  satisfactory  volume 
of  data  in  a  limited  amount  of  time.   The  disparity  is  exaggerated 
because  the  air: ground  comparison  transects  were  set  up  during  a  period 
of  extreme  drought  and  were  therefore  located  in  areas  of  relatively 
permanent  pothole  types. 

Numbers  of  Transects  Needed 

The  numbers  of  air:ground  comparison  transects  needed  to  estimate 
a  mean  air:grcund  ratio  at  a  certain  level  of  precision  can  be  calculated 
with  conventional  statistical  methods  that  consider  variability  due  to 
real  differences  among  the  transects  as  well  as  sampling  errors.   For 
these  calculations,  an  arcsin  transformation  was  applied  to  the  ratios 
(Snedecor,  1956:316-320).   The  data  provide  only  rough  approximations  of 


the  numbers  of  airrground  comparison  transects  needed  because:   (1) 
some  strata  do  not  have  transects;  (2)  much  of  the  variability  among 
airrground  ratios  is  real  (related  to  time  of  day,  for  example)  and 
reflects  similar  differences  obtained  in  the  data  from  the  operational 
survey;  (3)  the  "accuracy"  of  the  airrground  ratios  varies  considerably 
among  transects  (numbers  of  birds  or  sample  size  varies);  (4)  the  air: 
ground  comparison  transects  are  not  representative,  with  regard  to 
density  of  ducks,  of  the  survey  area  as  a  whole;  and  (5)  data  were 
pooled  and  not  weighted  by  survey  strata  in  calculating  the  sample 
needed  for  the  entire  survey  area. 

Tables  19  through  34  record  airrground  ratios  by  air:ground  com- 
parison transect  for  total  ducks,  mallards,  blue-winged  teal  and 
canvasbacks .   These  air:ground  ratios  were  used  in  calculating  the 
number  of  comparison  transects  needed  to  estimate  mean  ratios  for  the 
various  species  for  the  strata  and  total  survey  area. 

Table  35  shows  the  existing  number  of  air:ground  comparison 
transects  in  the  various  strata,  crew  areas,  and  the  total  survey  area 
(fig.  1)  and  the  numbers  of  transects  needed  to  estimate  the  mean  air: 
ground  ratio  for  total  ducks  in  each  area  of  interest  within  20  percent, 
10  percent  and  5  percent  of  the  true  mean  ratio.   These  data  suggest 
that  there  are  enough  airrground  comparison  transects  in  most  survey 
strata  to  estimate  the  mean  air:ground  ratio  for  total  ducks  within 
20  percent  but  too  few  to  estimate  this  mean  within  10  percent. 

Table  36  contains  similar  data  for  mallards,  blue-winged  teal  and 
canvasbacks  within  ;-.he  survey  area  flown  by  a  particular  aerial  crew. 
(Remember  that  Saskatchewan  C,  Manitoba  B  and  Tristate  W  have  no  air: 
ground  comparison  transects  and  Alberta  C  has  only  one)  .   These  data 
suggest  that  there  are  enough  air: ground  comparison  transects  to  estimate 
the  mean  airrground  ratio  for  mallards  within  20  percent  of  the  true 
mean  in  Alberta  and  western  Saskatchewan  but  not  in  the  survey  areas  of 
Saskatchewan  A-E  -  Manitoba  A  and  the  Tristate  area.   For  the  entire 
survey  area  there  are  almost  enough  air:ground  comparison  transects  to 
estimate  the  mean  air:ground  ratio  for  mallards  within  10  percent  of  the 
true  mean.   The  number  of  transects  needed  to  obtain  an  estimate  of  the 
mean  air:ground  ratio  for  blue-winged  teal  within  20  percent  of  the 
true  mean  was  sufficient  only  in  the  Tristate  area.   It  was  possible  to 
estimate  the  mean  air:ground  ratio  for  blue-winged  teal  in  the  survey 
area  within  20  percent  but  not  within  10  percent  of  the  true  mean  ratio. 
Similar  computations  suggest  that  it  was  possible  to  estimate  a 
reasonable  mean  airrground  ratio  for  canvasbacks.   However,  the  arcsin 
transformation  procedure  biased  downward  the  estimate  of  the  number  of 
transects  needed  --  airrground  ratios  for  canvasbacks  commonly  were  zero 
or  greater  than  1.000  because  of  the  small  numbers  of  this  species  on 
most  transects. 
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Efficacy  of  the  Airtground  Comparison  Technique  for  Adjusting  Aerial 
Waterfowl  Indexes 

Shortcomings  in  the  present  air:ground  comparison  scheme  for 
adjusting  aerial  waterfowl  indexes  are:   (1)  some  survey  strata  have 
no  air:ground  comparison  transects  and  several  do  not  have  enough 
transects,  (2)  densities  of  waterfowl  are  markedly  higher  on  air:ground 
transects  than  on  operational  transects  and  (3)  the  species  composition 
of  ducks  on  airrground  comparison  transects  is  not  representative  of 
that  on  operational  breeding  ground  survey  transects  in  some  strata. 

Differences  in  density  of  waterfowl  between  the  air:ground  com- 
parison and  operational  transects,  because  of  the  inverse  relation- 
ship between  airrground  ratios  and  waterfowl  density,  present  the 
most  apparent  problem.   The  obvious  conclusion  is  that  airrground  ratios 
obtained  from  the  present  study  design  are  lower  than  "true"  airrground 
ratios  for  the  operational  breeding  ground  survey  strata.   Thus  breeding 
population  estimates  obtained  by  adjusting  aerial  indexes  with  the  air: 
ground  ratios  are  exaggerated. 

In  spite  of  this  apparent  bias  in  their  use,  the  airrground  ratios 
have  produced  seemingly  reasonable  results  when  used  to  adjust  aerial 
breeding  population  indexes  of  ducks.   Estimates  of  breeding  populations 
of  mallards,  made  with  the  aid  of  the  airrground  ratios  (Martinson  and 
Henny,  1966),  appeared  plausible  when  Crissey  (1957)  compared  them  with 
data  on  productivity,  kill  and  estimated  total  mortality  in  describing 
the  recent  population  dynamics  of  that  species.   Airrground  ratios  were 
also  used  to  estimate  the  1965  and  1966  breeding  populations  of  blue- 
winged  teal  and,  when  used  with  productivity  and  kill  statistics,  appeared 
to  be  reasonable  (Martinson,  et  al.,  1966). 

A  possible  explanation  for  this  is  that  the  aerial  crews  record  a 
higher  proportion  of  the  waterfowl  present  on  the  airrground  comparison 
transects  than  on  the  operational  survey  transects  despite  their  effort 
to  survey  both  transects  with  equal  intensity.   If  this  is  so,  it  could 
counteract  the  effect  created  by  the  higher  density  of  ducks,  and  related 
lower  airrground  ratio,  on  the  airrground  comparison  transects. 

Breeding  population  survey  data  on  mallards,  at  least,  are  most 
useful  when  they  are  adjusted  with  the  airrground  ratios.   Not  only  do 
the  adjusted  breeding  population  figures  provide  an  estimate  of  the 
absolute  size  of  the  population  necessary  for  harvest  management,  but, 
thus  far,  the  trend  depicted  by  the  adjusted  estimates  has  appeared  to 
be  more  accurate  than  that  from  the  unadjusted  aerial  breeding  population 
indexes  for  mallards.   The  change  in  the  mallard  breeding  population  index 
for  Albert^  from  1964  to  1965  is  an  example.   The  unadjusted  breeding 
population  index  decreased  from  835,000  in  1964  to  335,000  in  1965,  an 
indicated  60  percent  decline  in  the  population.   However,  both  members  of 
the  aerial  survey  crew  were  changed  in  1965  and,  without  the  measurement 
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of  the  air:ground  ratio  for  mallards  in  that  area,  a  change  of  this 
magnitude  in  the  mallard  index  would  have  been  suspect  but  difficult 
to  reject.   The  airrground  ratio  for  mallards  also  decreased  markedly 
(probably  because  of  the  different  characteristics  of  the  two  survey 
crews,  p.  6)  and,  consequently,  the  adjusted  breeding  population  indexes 
for  1964  (1,482,000)  and  1965  (890,000)  showed  a  lesser  decrease;  about 
40  percent. 


CONCLUSIONS  AND  RECOMMENDATIONS 

In  the  foregoing  sections  we  have  discussed  factors  affecting 
the  proportion  of  waterfowl  present  that  are  recorded  in  aerial  survey 
indexes  (airrground  ratios).   Airrground  ratios  of  the  different  species 
vary  and  thus  the  species  composition  of  ducks  in  a  survey  area  will 
influence  the  proportion  of  all  ducks  recorded  in  aerial  survey  indexes. 
The  density  of  ducks  on  a  survey  transect  affects  the  proportion  recorded; 
viz.,  airrground  ratios  of  ducks  will  tend  to  be  highest  in  areas  of  low 
duck  density  and  vice  versa.   Although  not  proven  in  this  report,  airr 
ground  ratios  of  waterfowl  are  probably  higher  in  grassland  areas  than 
in  aspen  parklands  (Smith,  1957).   Marked  annual  changes  in  airrground 
ratios  of  ducks  were  found  during  the  period  1961-66  which  were  attrib- 
utable to  both  biological  differences  among  years  and  changes  in  aerial 
survey  crews.   There  was  a  suggestion  that  the  direction  of  flight,  in 
relation  to  the  position  of  the  rising  sun,  influenced  the  ability  of 
aerial  crews  to  census  waterfowl  --  flights  away  from  the  rising  sun 
appeared  to  obtain  higher  proportions  of  the  waterfowl  present  than 
flights  into  the  sun. 

A  possible  bias  in  the  present  aerial  procedure  of  the  airrground 
comparison  study  was  pointed  out r   making  two  consecutive  passes  on  the 
airrground  comparison  transect  resulted  in  a  lower  count  of  ducks  on 
the  second  pass  because  some  birds  left  the  transect  during  the  first 
aerial  pass. 

The  species  composition  and  density  of  ducks  on  airrground  com- 
parison and  operational  survey  transects  were  compared  to  judge  the 
practicality  of  using  airrground  ratios  in  adjusting  aerial  indexes 
obtained  on  the  operational  transects.   Numbers  of  airrground  comparison 
transects  needed  to  obtain  reasonable  estimates  of  mean  airrground 
ratios  for  several  species  and  areas  were  calculated. 

From  these  findings  and  analyses,  and  the  conclusions  of  others 
(Crissey,  1956;  Smith,  1957;  Stoudt,  1955;  Diem  and  Lu ,  1960),  we 
would  like  to  recommend  and  re-emphasize  several  things  necessary  for 
the  continuance  of  the  airrground  comparison  study  and  the  use  of  the 
technique  in  operational  surveys. 

1.   Make  two  daily  aerial  surveys  of  each  airrground  comparison 
transect  as  at  present  but  make  only  one  pass  at  each  t^J^me.   Data  from 
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the  second  consecutive  pass  have  been  biased  because  ducks  leave  the 
transect  during  the  first  pass.   Therefore,  the  second  pass  has  not 
been  truly  useful  for  reducing  sampling  error. 

2.  The  two  surveys  of  the  airrground  comparison  transect  should 

be  made  at  the  time  and  in  the  same  direction  that  the  adjacent  portions 
of  the  operational  transects  are  surveyed  (see  again  fig.  3).   However, 
the  two  surveys  should  be  at  least  two  hours  apart  and,  because  of  the 
location  of  some  airrground  transects,  this  may  necessitate  making  the 
second  survey  on  another  day.   The  postponed  survey  should  be  made  in 
the  same  direction  and  at  the  same  time  as  would  have  been  the  case  if 
postponement  was  not  necessary.   For  example,  if  the  first  survey  was 
at  9:00  a.m.,  and  the  second  would  have  been  at  10:00  a.m.,  the  second 
survey  should  be  postponed  until  10:00  a.m.  the  following  day. 

3.  Make  the  ground  count  the  day  before  or  the  day  after  the 
aerial  survey.   Both  ground  and  aerial  counts  will  drive  birds  from 
the  transacts  and  there  is  little  chance  for  both  to  sample  the  same 
population  if  one  drives  birds  from  the  transect  shortly  before  the 
other  is  conducted. 

4.  All  air:ground  comparison  transects  should  be  laid  out  in  an 
east-to-west  direction  as  are  the  operational  transects  because  of  the 
effect  of  the  sun  on  the  crew's  ability  to  observe  waterfowl.   The  two 
transects  that  are  not  east  to  west,  Kenilworth  and  Whiskey  Gap  in 
Alberta,  should  be  relocated. 

5.;  Additional  air:ground  comparison  transects  are  needed  and 
would  be  most  valuable  if  located  in  Alberta  C,  A,  Saskatchewan  B,  C, 
A-E  and  Manitoba  B.   Additional  transects  or  relocation  of  some  of  the 
present  transects  are  needed  in  the  Tristate  area  to  improve  the 
representativeness  of  the  species  composition  sampled  in  the  airrground 
comparison  transects. 

6.  New  airrground  comparison  transects  should  be  located  in 
areas  that  are  similar  in  species  composition  and  density  of  ducks  to 
the  stratum  in  which  they  will  be  located.   It  may  be  difficult  to 
establish  workable  transects  which  have  the  same  density  of  ducks  as 
the  entire  survey  strata  but  it  should  be  easier  to  match  the  species 
compos  it  ion . 

7.  Because  of  the  inverse  relation  between  airrground  ratios  and 
density  of  ducks,  it  would  be  logical  to  recommend  relocation  of  most 
airrground  comparison  transects  into  areas  with  lower  densities  of 
waterfowl  which  are  more  representative  of  the  respective  survey  strata. 
However,  because r   (1)  the  airrground  ratios  have  thus  far  provided 
r.easonable  results  and  (2)  this  may  be  due  to  greater  survey  acuity  by 
the  aerial  crews  on  the  airrground  comparison  transects  than  on  the 
pperational  survey  transects,  we  withhold  this  recommendation  for  further 
/study. 
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8.  Instructions  for  recording  water  areas  should  be  explicit 
and  briefing  sessions  should  be  used  to  minimize  subjective  variation 
among  individuals  in  classifying  water  areas. 

9,  Although  not  discussed  in  this  report,  airrground  comparison 
studies  are  needed  in  boreal  and  tundra  regions  of  the  northern  Prairie 
Provinces,  the  Northwest  Territories  and  Alaska  as  well  as  in  the 
unglaciated  plains  of  the  western  Dakotas  and  Montana. 
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Table  2. --Data  from  Saskatchewan  B  ("strata  B-W  and  B-E  combined),  1966, 
showing  the  method  used  to  "group"  airrground  ratios  and  duck  densities 
for  the  analysis  of  their  relationship 


Transects 
Turtle  ford 
Kinistino 


Alticane 
Rose  Valley 


Air rground 

Ducks  per 

ratio 

square  mile 

0.706 

64 

\"high  group" 

0.559 

60 

0.536 

104 

"^"low  group" 

0.255 

112  1 

Average  for  "high  group"        0.632  62 

Average  for  "low  group"         0.395  108 
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Table  10. — The  results  of  comparing  groups  of  high  and  low  airrground 
ratios  per  survey  stratum  or  area  per  year  with  their  respective  duck 
densities __^ 

Higher  airrground  ratio  associated 

with  lower  density  of  ducks       Total 

Years Yes No No  difference   comparisons 

Alberta  B  1961-66  6  0  0  6 

Alberta  A  and  C  1961-66  5  0  1  6 

Saskatchewan  B  1961-66  3  3  0  6 

Saskatchewan  A-W  1961-66  4  1  1  6 

Saskatchewan  A-E 
and  Manitoba  A   1961-66       5       1  0  6 

Tristate         1963-66       3       1  0  4 

Totals  26       6  2  34 


33 


Table  11. — Chi-square  values  for  tests  of  the  differences  in  air:ground 
ratios  of  mallards  among  years 


Survey  area 


Years 


X" 


Degrees  of  Probability  of  difference 
freedom being  due  to  chance 


Alberta  B  1961-66  172.26 

Alberta  A  and  C  1961-66  58.93 

Saskatchewan  B  1961-66  4.44 

Saskatchewan  A-W  1961-66  32.24 

Saskatchewan  A-E 

and  Manitoba  A  1961-66  51.14 


Tristate 


1963-66 


5.63 


5 

Less  than  .01 

5 

Less  than  .01 

5 

Between  .50  and 

.25 

5 

Less  than  .01 

5 

Less  than  .01 

3 

Between  .50  and 

.25 

34 


Table  12. — Chi-square  values  for  tests  of  the  differences  in  airiground 
ratios  of  mallards  among  years  in  which  the  aerial  survey  crew  was  the  same 
--  differences  are  presumed  to  reflect  biological  changes  among  years. 

Degrees  of   Probability  of  difference 
Survey  area Years X freedom being  due  to  chance 

Alberta  B  1962-64  45.60 

Alberta  A  and  C  1962-64  32.47 

Saskatchewan  B  1964-65  2.06 

Saskatchewan  A-W  1964-65   0.25 

Saskatchewan  A-E 

and  Manitoba  A   1965-66   1.73 

Tristate  1964-65   0.45 


2 

Less  than  .01 

2 

Less  than  .01 

1 

Between  .25  and 

.10 

1 

Between  .75  and 

.50 

1 

Between  .25  and 

.10 

1 

.50 

35 


c 
o 

so 
0) 
EO 

to 
as 

a. 

vD 
■— (   vO 

CO  a^ 
•l-l 

)-l 

« 

> 
4J 

D 

<u    o 

(0 

c 
o 
u 


•u 


o 

(U 

u 


•V 

c 
o 
o 

(0 

T3 
XI     C 


to 


C 
to 

4-)  to 

to  T) 

H-l  O 

E  <U 

o  e 


to 

o 

D  C 

13  O 

t*-l  4J 

O  to 

.— t 

tfl  01 

<u  c 

XI  -H 

c 

•H  tn 

4-1 

■-<  u 

to  0) 

•H  en 

Vj  c 

(1)  to 

to  U 


c 

(U 

» 

4-1 


c 
o 

91 

■1-1 

l-l 

to 

& 


B 
o 
o 


o 

c 
tu 

Vj   X) 


tu 


•r4 

XI 


c 
p 
o 

(Jt 


tu   u 

H    CO 

t 
I 


XI 
to 


x  tu 

!-l 


to 

4J 

O  r-l 

tu  CO 

tn  T-i 

c  u 

to  (U 


o 

■r-l 

u 

o 

•4-1 


in 

u 

•H 

4-1      I 
I 
0) 


c    3 

o 

tn 
tn  to 
a)    to 

tu 

XI 


a  <u 

x; 

00 
•H 


tu    (U 


tu 


•H    (J\ 

CO  in 

<4-l  CQ  t3^ 
•H  ^-^  .— I 
T3 


U 

<U  C 

t4-l  (U 

l+H  (U 

r!  5= 

XJ  -u 
tu 

4-1  Xl 

c 

(U  cu 

0  o 
n  c 

01  (U 


to 

U  (U 

tn  tn 

M  CO 

■l-l  to 

<4-i  ex 

t4-l  13 

o  c 
o 

tn  o 

C  0) 

to  tn 

(U 

E  •■a 


1/3 


m 

tn 

to 

x> 

a 

c 

o 

^H 

o 

to 

tu 

■l-l 

tZ) 

^4 

0) 

to 

tn 

CO 

to 

4-J 

a 

tn 

U 

i-H 

■l-l 

to 

fc 

■r^ 

V4 

(U 

to 

IX 


IX 


tn 

tn 

d 

to 

X) 

o 

4-1 

a. 

c 

■H 

tn 

to 

4J 

l-l 

r-H 

!J 

■r4 

to 

(U 

tu 

4-1 

•r-l 

E 

U 

U 

•r4 

■l-l 

m 

tu 

H 

X) 

o 

tfl 

CO 


0^ 
ON 


in 

CSJ 


CO 


o 

en 


r-l  O 


O 


CM 

CO 


CM 


ON 


r-l         0 

0           VD 

1 

.— 1 
1              1 

00 


00 

eg 


00 

tr. 


O 

f— 1 

in 

m 

o 

1— 1 

CO 

■<f 

l-l 

00 

.—1 

r-l 

CM 

i-H 

o- 

VD 

in 

o 

vO 

o 

o 

1— t 

• 

1— 1 

T— 1 

s 

4-1 

4-1 

< 

tn 

tn 

tu 

to 

o 

3 

tu 

■--». 

o 

1 

1 

--I| 

O 

o 

r— 1 

ON 

4-1 
1 

4J 

1 

to 

4-1 

tu 

U 

U 

o 

|4 

CO 

m 

H 

o 

CO 

'M 

t4-( 

W 

<u 

PQ 

o- 
o 


CM 

o 


00 

I 


tT\ 


O 

d 


CM 
CM 


in 
I 


CM 


vi- 
vo 


in 

Csl 


in 


00 

in 


in 

CM 


o 

r-l 

a^ 

00 

r~~ 

r~~ 

4-1 

4J 

tn 

cn 

<U 

to 

3 
1 

<u 

1 

CM| 

o 

o 

1 — 1 

4-1 

4-1 

I 

CO 

4-1 

4-) 

4-1 

o 

tn 

tn 

H 

to 

<u 

w 

rs 

C 

O 

•r4 

• 

4-1 

c 

o 

o 

(U 

■H 

u 

4-1 

■r4 

a 

X) 

0) 

^4 

x: 

■  l-l 

4J 

X) 

3 

O 

x 

tn 

4J 

1 

P 

x: 

o 

XJ 

to 

u 

1 

o 

rC 

c 

4J 

M 

c 

o 

■r4 

c 

tn 

c 

tu 

■r4 

00 

CO 

CU 

1-c 

00 

tu 

CO 

> 

l-l 

o 

<u 

u 

> 

o 

4-1 

u 

u 

<u 

4-1 

tn 

o 

d 

tu 

to 

en 

1-^ 

C 

4-1 

to 

l-l 

tu 

4J 

(U 

u 

01 

.c 

c 

H 

o 

-i|       cmI 


36 


u 


m 


XI 

c 

c 

o 

CO 

D 

w 

4J 

O 

•r-l 

u 

!-l 

>J 

cu 

W 

tC 

en 

•  • 

a 

c 

!-i 

Fl 

CO 

•H 

O 

U 

< 

o 

r— 1 

CO 

4-1 

c 

cn 

o 

4-1 

■l-l 

O 

4-1 

<1J 

« 

cn 

Vl 

C 

OJ 

CO 

D. 

U 

O 

■U 

T) 

C 

C 

o 

cn 

3 

<a 

4J 

O 

■H 

C) 

l-i 

U 

0) 

W) 

CO 

en 

a 

C 

)-J 

(= 

CO 

•H 

o 

!-< 

< 

o 

r-l 

4J 

CO 

cn 

c 

4-1 

o 

O 

•H 

a) 

4J 

tn 

CO 

c 

)-l 

CO 

<u 

U 

a- 

4-1 

o 

T) 

c 

c 

o 

cn 

D 

CO 

4J 

0 

•i-i 

o 

u 

!-i 

cu 

W) 

CO 

cn 

•  • 

D. 

c 

^J 

(= 

CO 

•r^ 

O 

u 

< 

o 

.— 1 

4-1 

CO 

cn 

C 

4-1 

O 

O 

•H 

<u 

iJ 

cn 

CO 

c 

^ 

CO 

<U 

!-- 

a 

4J 

o 

TD 

c 

C 

o 

cn 

3 

en 

4-1 

0 

•rH 

o 

u 

!-l 

0) 

W) 

CO 

cn 

a 

c 

n 

F! 

CO 

■r-l 

0 

l-i 

< 

4J 

CO 

tn 

C 

4-1 

0 

o 

■r-l 

ai 

J-) 

cn 

CO 

c 

^1 

CO 

Q) 

U 

CX 

4J 

O 

CO 

•r-l 
O 

Q) 
G 
W 

CM 


CO 


c^J 


cn 


CO 


CN 


O 


CO 


—I  O 

CO 


CM 

o 


o 
o 


C3N 
CO 


O 


C3^ 
O 


■o- 


CM 

CJS 


C3N 
O 


C7^ 
CX) 


o 


CO 

o 


o 

O 


O 
cn 


d 


CO 


CO 


CM 

o 


CO 

o 


<7N 

.—I 
CM 


CM 

o 


o 
o 


CX5 
CN 


cn 
O 


l^ 
r^ 


CO 


<3N 
O 


CD 


O 

o 


CvJ 

<f 

co 

vD 

OO 

<r 

C3N 

1^ 

C3V 

cn 

1 — 1 

CM 

o 

CO 

CM 

<f 

r~- 

o 

CO 

o 

t— 1 

r— 1 
CO 

o 

f— 1 

in 

f— 1 

o 

o 

o 

o 

in 


<!•       o 
r^        .—I 


c» 


CM 


Csl 

c» 


CN 

o 


CM 

o 


00 


C3\ 


in 
in 


r^ 
r^ 


o 


O 
O 


cn 

CvJ 


CO 
CM 


tn 
d 


CN 


o 
o 


in 
cn 


00 

p- 


00 


CJ^ 
in 


00 


C3N 


in 


o 

CO 


CM 

CO 


00 

d 


<t 


o 
o 


c 

o 

J«! 

.i<J 

cu 

u 

u 

1—1 

60 

!-i 

CO 

3 

<0 

•0 

^-i 

•n 

1 — 1 

r-H 

CU 

i-H 

TD 

Xi 

T3 

4J 

u 

1— 1 

•H 

CO 

CO 

r-l 

•H 

CO 

tn 

(0 

o 

CO 

CO 

:2 

cu 

0) 

<u 

CO 

OJ 

CO 

a 

>. 

^4 

H 

rH 

3 

H 

H 

> 

4-) 

x; 

> 

3 

XI 

CU 

1— 1 

■V 

• 

o 

c 

■o 

c 

CO 

■o 

J3 

CO 

CO 

e 

2 

s 

4= 

•r-l 

cu 

CO 

CJ 

3 

.U 

S 

O 

<a 

o 

PQ 

CO 

P^ 

OJ 

u 

CO 

oi 

O 

37 


u 

(0 

c 
« 
u 


c 
o 
« 
•1-1 
u 

(9 
O. 

s 
o 
o 

•o 

c 

o 
u 

00 

^' 

•r) 

tS 
XI 

c 


c 
o 

•i-(  vO 
4J  vo 
(0     I 

(-1 

<U  vO 
O   r-l 

o  c 

M-l     (0 
3 

u  dJ 
0)  J3 
X  O 
0)     4-1 

T3  ca 
c  ^ 

•H     0) 
CO 

'-I   W 
C9 
■H     C 

u   u 

<U    (U 

(8   XI 

4J 

C     3 

•r4      O 
CO 

m 
<U 

•H  ■ 
u 

lU 

ex 

0) 

o 

3 

TD 
(U 


M-l 
O 


c 
o 


« 
ex 

o 

o 

<c 

I 
I 


J3 

to 

E-i 


C3 

T> 

TJ 

01 

C 

c 

<0 

•T-i 

Xi 

s 

F. 

1 

o 

<: 

o 

W  CO 

C  i-> 

O  cj 

•H  (U 


a,  jj 
o 


■o  c 

c  o 

3  CO 

O  -H  o 

U  U  Q) 

bO  CD  CO 

••  ex  c 

>-(  S  CO 

•H  O  1-1 

<;  o  4-1 


CO  CO 

c 

o  o 

■H  (1) 

4J  CO 

CO  C 

!-i  CO 

u 


&■ 


c 
o 

CO 

U  (U 
CO    CO 

a.  c 
e  CO 
o  u 


CO      01 

c  -u 


ta 


O.   4J 

o 

•o   c 

C    O  CO 

3    en  4-1 

O    -H  o 

1-1     M  OJ 

60  CO  CO 

••   a  c 
>-i   e  CO 

•H     O    M 

<l      O     4J 


CO      CO 

C  4J 
O  CJ 
0) 
to 

c 
to 
u 


to 
u 
<u 

a,  4J 
o 

ID     C 

C     O  CO 

3      CO  4J 

O    -H  o 

;j   M  (u 

t)0   to  to 

••     D.  C 

!-i  e  to 

•M     O  1-1 

<      O  4J 


to    CO 

c  -u 
o   o 

■H      0) 
CO 

c 

CO 

u 


CO 

)-l 

0) 
Cl   4-1 

o 


-d- 

r-l 

o 

<f 

f-4 

CM 

00 

tX3 

CO 

O 

VD 

CO 

.—1 

CM 

en 
in 


o 


o 
o 


CO 


T— I 


U-1 

u-1 


oo 


O 


CO 
CM 


CM 


O 
CM 


O 


d 


t3^ 

cyi 


00 


CO 


CM 


CO 
CM 


-d- 

CM 


u-1 

CO 


u-1 

O 


d 


OS 


CM 

tn 


d 


CM 


00 


00 
CM 


O 
O 


d 


CT\ 


CO 


VO  T-i 

d       <r 


CO 

00 

uo 

e3^ 

r^ 

r-( 

CM 

<f 

OO 

O 

CM 

o 

o 

00 


CO 


d 


o 

CO 


o 


CO 


o 
00 


CM 

O 


t3^ 
CTi 


o 

CO 

00 

tN 

o- 

o 

CO 

r— t 

r^ 

<f 

O 

-d- 

O 

CO 

VO 

r-4 

CM 

-d- 

1^ 

o 

CM 

O 

o 

o 

CM 


e3N 
O 


O 


d 


00 
d 


O  .-I 

^       o 


<3\ 

d 


C3> 

as 


u-1 


VD 
CM 


u-1 
O 


e3N 
CM 


t3N 


c 

o 

Jd 

.^ 

0) 

CJ 

o 

60 

V4 

CO 

3 

CO 

T3 

.-1 

T3 

r-l 

. — t 

(U 

,—i 

T) 

.D 

T) 

i-H 

eu 

U 

r— * 

■M 

CO 

CO 

,—i 

•H 

CO 

CO 

en 

CO 

■r1 

to 

to 

:s 

(U 

<u 

D 

to 

<U 

CO 

a 

>, 

U 

4J 

o 

.-1 

3 

H 

H 

> 

4J 

J= 

> 

3 

tj 

<0 

O 

0) 

^-t 

TJ 

• 

O 

c 

T) 

c 

to 

T3 

x: 

H 

a 

to 

to 

1 

rs 

S 

XI 

■H 

<U 

to 

o 

3 

4-1 

en 

S 

O 

o 

ca 

(n 

(1^ 

et; 

o 

CO 

« 

o 

38 


Table  16  . — A  comparison  of  the  duck  species  in  aerial  indexes  for  opera- 
tional and  airtground  comparison  transects  in  southern 
Saskatchewan  stratum  A-E  and  southern  Manitoba,  1961-66 


Sask.  A-E 


Man.  A 


Man.  A  &  B 

combined 

Air:ground  Air:ground 

Operational  comparison  Operational  comparison  Operational 

transects   transects    transects   transects    transects 


Mallard 

51.5 

49.9 

30.9 

28.1 

35.6 

Gadwall 

3.4 

3.1 

2.9 

3.3 

2.3 

Am.  Widgeon 

4.6 

4.8 

4.5 

3.0 

3.9 

GW  Teal 

0.5 

0.6 

0.5 

0.5 

0.6 

BW  Teal 

10.6 

6.7 

12.0 

13.6 

9.0 

Shove ler 

5.8 

6.8 

6.9 

14.5 

6.5 

Pintail 

11.7 

12.1 

9.9 

13.5 

9.6 

Redhead 

1.3 

2.3 

4.9 

6.0 

6.1 

Canvasback 

3.4 

5.5 

7.8 

9.7 

6.7 

Scaup 

6.2 

8.0 

15.0 

6.7 

14.3 

Ruddy  Duck 

0.1 

0.2 

3.3 

0.4 

2.8 

Others 

0.6 

«ac3 

1.5 

0.5 

2.6 

Total 

99.7 

100.0 

100.1 

99.8 

100.0 
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Table  18. --A 

comparison  of  breeding 

ducks 

(all  species  combined)  per 

square  mile  from  aerial  : 

inde 

!Xe£ 

!  on  operational  and  air: 

ground  comparison  transects 

in 

breeding 

ground  survey 

strata,  1961-66 

Ducks  per 

square  mile 

Province 

Airrground 

or 

Operational 

comparison 

State 

Stratum 

transects 

transects 

Alberta 

B 
A 
C 
A  6c  C  combined 

44.3 
21.9 
14.2 
18.6 

53.4 
25.4 
46.5 
28.7 

Saskatchewan 

B-W 

B-E 
B-W  &  B-E  combined 

A-W 

C 
A-W  &  C  combined 

18.4 
15.4 
16.5 
13.9 
10.6 
13.1 

28.9 
26.0 
27.3 
34.5 

Sask.  A-E  and 
Manitobai' 

Sask.  A-E 

15.9 

19.9 

Man.  A 

26.9 

39.6 

Man.  B 

9.9 

-- 

A  6t  B  combined 

14.4 

— 

Tristate 

W 
C 

E 
C  &  E  combined 
W,  C  &  E  combined 

3.4 
10.1 
6.3 
8.4 
7.3 

23.4 
12.2 
20.9 

i/l962    not    included. 
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Minnesota 


1^^   Strata  boundaries 
•■   Province  and  State  boundaries 

#    Location  of  air:ground  comparison  transect 


Figure  1. — Breeding  ground  survey  strata  in  the  Prairie  Provinces  and 
Tristate  area  and  locations  of  air:ground  comparison  transects 
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Figure  2. 
Location  of  airrground  comparison  transects  (  •■ ^  ••  ••  )  and 
operational  survey  transects  (  ^■§■^■■■4)  ^"  ^  stratum 


■  ■J^ 

Figure  3. 

Path  of  airplane  while  surveying  air: ground  comparison  transects 
during  the  operational  breeding  population  survey 
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Appendix  A 

Common  and  Scientific  Names  of  Waterfowl  Mentioned  in  this  Report 

Mallard  (Anas  platyrhynchos) 
Black  Duck  (Anas  rubripes) 
Gadwall  (Anas  strepera) 
American  Widgeon  (Mareca  americana) 
Green-winged  Teal  (Anas  carolinensis) 
Blue-winged  Teal  (Anas  discors) 
Cinnamon  Teal  (Anas  cyanoptera) 
Shove ler  (Spatula  clypeata) 
Pintail  (Anas  acuta) 
Redhead  (Aythya  americana) 
Canvasback  (Aythya  valisineria) 
Lesser  Scaup  (Aythya  af finis) 
Ring-necked  Duck  (Aythya  collaris) 
Common  Goldeneye  (Bucephala  clangula) 
Buff lehead  (Bucephala  albeola) 
White-winged  Scoter  (Melanitta  deglandi) 
American  Coot  (Fulica  americana) 
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The  Department  of  the  Interior,  created  in  1849,  is  a  Department  of 
Conservation,  concerned  with  management,  conservation,  and  develop- 
ment of  the  Nation's  water,  wildlife,  fish,  mineral,  forest,  and  park  and 
recreational  resources.  It  has  major  responsibilities  also  for  Indian  and 
Territorial  affairs. 

As  America's  principal  conservation  agency,  the  Department  works  to 
assure  chat  nonrenewable  resources  are  developed  and  used  wisely,  that 
park  and  recreational  resources  are  conserved  for  the  future,  and  that 
renewable  resources  make  their  full  contribution  to  the  progress,  pros- 
perity, and  security  of  the  United  States,  now  and  in  the  future. 
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